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(57) ABSTRACT

A gate-insulating layer, intrinsic amorphous-silicon semi-
conductor layer, and ohmic contact layer are continuously
formed so as to cover a gate electrode on a substrate to
remove a natural oxide film from the surface of the ohmic
contact layer by performing radio-frequency sputter etching
before forming source and drain electrodes. After the natural
oxide film 1s removed, a metallic layer mainly containing Al
1s formed on the gate-insulating layer and ohmic contact
layer.

17 Claims, 6 Drawing Sheets
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THIN-FILM TRANSISTOR AND
FABRICATION METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates to a thin-film transistor and
its fabrication method, particularly to a method for fabricat-
ing an amorphous-silicon thin-film transistor applicable as
an active matrix substrate for a liquid-crystal display.

2. Description of the Prior Art

As for a thin-film transistor (hereafter referred to as TEFT)
using amorphous silicon for an active layer, 1t 1s general to
form an N*-type amorphous-silicon layer (hereafter referred
to as N7a-Si1) doped with high-concentration impurities
between amorphous silicon (hereafter referred to as a-Si)
and source and drain electrodes as an ohmic contact layer. To
improve the contact between the ohmic contact layer and the
source and drain electrodes, a transition metal such as Cr,
Mo or Ti 1s normally used.

The official gazette of Japanese Patent Laid-Open No.
Sho62-285464 published 1n 1987 discloses a case of using
aluminum (Al) alone as a material of source and drain
clectrodes on an ohmic contact layer of a TFT. However, it
1s unavoidable that a natural oxide film i1s formed on the
surface of an N7a-S1 serving as an ohmic contact layer
during fabrication of a TFI. As proposed m the above
described official gazette, even 1f an electrode made of Al
alone 1s formed on an ohmic contact layer with a natural
oxide film on 1its surface, a preferable contact cannot be
obtained. However, when a transition metal such as Cr, Mo
or 11 1s used, a preferable contact 1s obtained even 1f a
natural oxide film 1s present on the surface of N7a-Si.
Therefore, an electrode made of Al alone 1s not actually used
though 1t has an advantage of low resistance.

Thus, when using Al alone or a metal mainly containing,
Al for source and drain electrodes, a large on-current is not
obtained due to a natural oxide film on the surface of an
ohmic contact layer. A thin-film transistor showing the
above described characteristic has a problem that 1t cannot
be used as an active matrix substrate for a liquid-crystal
display.

SUMMARY OF THE INVENTION

Therefore, 1t 1s an object of the present invention to
provide a thin-film transistor using a metal mainly contain-
ing Al for source and drain electrodes of an amorphous-
silicon TFT so as to be applicable as an active matrix
substrate for a liquid-crystal display and 1its fabrication.

According to the present invention, a gate-insulating
layer, a silicon semiconductor layer, and an ohmic contact
layer are continuously formed on the enfire surface of a
fransparent insulating substrate so as to cover a gate elec-
trode formed on the substrate to pattern the semiconductor
layer and ohmic contact layer 1n a transistor area like 1slands.
Then, a thin-film-transistor fabrication method 1s obtained
which comprises the steps of performing radio-frequency
sputter etching before covering the source and drain elec-
trodes to remove a natural oxide film from the surface of the
ohmic contact layer and then, forming a metallic layer
mainly containing Al on a gate-insulating layer and the
ohmic contact layer.

It 1s preferable that source and drain electrodes have a
double-layer structure configured by an upper layer made of
11 and a lower layer made of Al with an oxide layer formed
on the side wall of the structure.
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Moreover, 1t 1s preferable to use an alloy in which Si1 1s
added into Al at a quantity of 0.5 to 3.0 wt % (both included)

as a metal mainly containing Al. Furthermore, 1t 1s prefer-
able that a silicon semiconductor layer uses an intrinsic a-Si

film.

Particularly, according to the present invention, 1t 1s
preferable to set the time from the step of removing a surface
natural oxide film up to start of the step of forming a metallic
layer mainly containing Al through sputtering to 1 minute or
less.

Moreover, the present invention provides a thin-film
transistor fabrication method comprising the steps of form-
ing a gate electrode on a substrate; continuously forming a
cgate-msulating layer, a semiconductor layer, and an ohmic
contact layer on the substrate so as to cover the gate
clectrode; pattering the semiconductor layer and ohmic
contact layer like 1slands; removing a natural oxide film
from the surface of the ohmic contact layer through radio-
frequency sputter etching; forming a metallic layer mainly
containing aluminum on an ohmic contact layer, an exposed
end face of the semiconductor layer, and gate-insulating
layer after the step of removing the natural oxide film; and
patterning the metallic layer and forming a source electrode
and a drain electrode; and further comprising the steps of
forming a passivation film so as to cover a thin-film tran-
sistor region and a terminal region 1n which particularly the
cgate electrode has a double-layer structure configured by a
lower-layer metal which 1s either of a metal mainly con-
taining at least, aluminum and pure aluminum and an
upper-layer metal which 1s a transition metal and the source
and drain electrodes have a double-layer structure config-
ured by a lower-layer electrode mainly containing aluminum
and an upper-layer electrode made of a transition metal;
forming a contact hole for exposing the upper-layer metal to
a passivation film on terminal portions of the gate and source
clectrodes and a passivation {ilm on a region to be connected
with a pixel electrode of the drain electrode; and forming a
transparent electrode on and around the contact hole to form
a gate terminal, a source terminal and a pixel electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

This above-mentioned and other objects, features and
advantages of this invention will become more apparent by
reference to the following detailed description of the inven-
tion taken 1n conjunction with the accompanying drawings,
wherein:

FIG. 1A 1s a top view of a reverse-staggered thin-film
transistor obtained from the present invention;

FIG. 1B 1s an A—A sectional view of FIG. 1A;

FIGS. 2A to 2F are sectional views showing fabrication
steps of the thin-film transistor 1n FIG. 1;

FIG. 3 1s a top view of a thin-film transistor when a gate
clectrode width 1s larger than an 1sland width;

FIG. 4 15 a characteristic diagram showing characteristics
of gate voltage-drain current in a case (A) in which a gate
clectrode width 1s smaller than an 1sland width and a case
(B) in which the former is larger than the latter;

FIG. 5 1s a characteristic diagram comparing a transistor
characteristic of an embodiment 1 (A) of the present inven-
tion with that of a comparative example 1 (B);

FIG. 6 1s a characteristic diagram comparing an embodi-
ment 1 of the present invention with a comparative example
1 about the contact resistance between an ohmic contact
layer and source and drain electrodes;

FIG. 7 1s a top view showing a thin-film transistor and a
terminal portion of another embodiment of the present
mvention;
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FIG. 8 1s a B—B sectional view of FIG. 7, showing a
transistor portion;

FIG. 9 1s a C—C sectional view of FIG. 7, showing a gate
terminal portion of a matrix substrate of the present inven-
tion; and

FIG. 10 1s a D—D sectional view of FIG. 7, showing a

source terminal portion of a matrix substrate of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As shown 1n FIGS. 1A and 1B, the reverse-staggered
thin-film transistor of an embodiment of the present inven-
tion 1s configured so that a gate electrode width W 1is
smaller than an 1sland width W . Though the reason will be
described later, a thin-film transistor fabrication method of
the present invention will be described below by referring to

FIG. 2A to FIG. 2F.

As shown 1n FIG. 2A, a gate electrode 2 1s formed by
depositing Al, Mo or Cr on the surface of a transparent-
insulating substrate 1 such as a glass substrate up to a film
thickness of 0.1 to 0.4 um as a gate-electrode metal through,
for example, sputtering and patterning the Al, Mo or Cr film
through photolithography.

Then, as shown 1 FIG. 2B, the following are continu-
ously performed on the entire surface of the substrate
through plasma CVD so as to cover the gate electrode 2: a
silicon nitride film serving as a gate-insulating film 3 1s
formed at a thickness of 0.2 to 0.6 um, an intrinsic a-S1 film
serving as a semiconductor active layer 4 1s formed at a
thickness of 0.05 to 0.3 um, and an n™a-S1 film serving as an
ohmic contact layer 5 1s formed at a thickness of 5 to 10 nm.

As shown 1n FIG. 2C, an N7a-Si1 film and an a-Si1 film are
respectively patterned like an i1sland through photolithogra-
phy to from an 1sland-shaped ohmic contact layer 5 and an
island-shaped 1ntrinsic amorphous-silicon semiconductor
layer 4.

In this case, the following are standard as conditions for
forming a silicon-nitride film: silane flow rate of approx. 100
sccm, ammonia flow rate of approx. 200 sccm, nitrogen tlow
rate of approx. 2,000 sccm, film-forming chamber pressure
of approx. 120 Pa, radio-frequency power density of approx.
0.1 W/cm”®, and substrate temperature of approx. 300° C.

The following are standard as conditions for forming an
mtrinsic a-Si film: silane flow rate of 250 to 320 sccm,
hydrogen flow rate of 700 to 1,000 sccm, film-forming-
chamber pressure of 100 to 120 Pa, radio-frequency power
density of 0.02 to 0.05 W/cm®, and substrate temperature of
260 to 310° C. The following are standard as conditions for
forming an N7a-Si film: silane flow rate of 40 to 70 sccm,
hydrogen-based 0.5%-phosphine-mixed gas flow rate of 200
to 350 sccm, film-forming-chamber pressure of 100 to 120
Pa, radio-frequency power density of 0.01 to 0.05 W/cm?,
and substrate temperature of 260 to 310° C.

According to this embodiment, the 1sland-shaped ohmic
contact layer § and intrinsic amorphous-silicon semiconduc-
tor layer 4 are patterned and thereafter resist used for
photolithography 1s removed to expose surfaces of these
layers § and 4 (FIG. 2C). In up to this step, a natural oxide
f1lm 1s formed on the surface of the ohmic contact layer 5
(not illustrated). Then, as shown in FIG. 2D, the natural
oxide film 1s removed from the surface of the ohmic contact
layer 5 by applying radio-frequency sputter etching using a
non-oxidizing gas such as argon (Ar) or hydrogen (H,) to the
surface of a substrate. The radio-frequency sputter etching is
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performed before forming a metal film mainly containing Al
on the gate-insulating layer 3 and ohmic contact layer §
through sputtering.

As shown 1 FIG. 2E, a metal mainly containing Al 1s
continuously deposited on the gate-insulating layer 3 and
ohmic contact layer 5 at a film thickness of 0.1 to 0.4 um
through sputtering while keeping a vacuum state. The metal
mainly containing Al uses Al containing at least 0.5 wt % of

Si such as Al-2 wt % Su.

It 1s preferable to minimize the time up to start of metal
sputtering film formation after end of radio-frequency sput-
ter etching, that 1s, 1 minute or less 1s preferable. This 1is
because a vacuum degree 1n a sputtering system normally
ranges between 107> and 10~ Pa and oxygen is present in
the system and therefore, the surface of the ohmic contact
layer 5 1s oxidized again after a certain time passes and the
oxide-film thickness increases.

The sputtering system used for the above described case
1s the multichamber type 1n which a radio-frequency sputter
ctching chamber and a sputter film-forming chamber are
connected to each other in a vacuum state 1n the transfer
chamber. Radio-frequency-sputter etching conditions are,
for example, charged power density of 0.2 to 1 W/cm?, gas
pressure of 0.5 to 2 Pa, and treatment time of 0.5 to 4
minutes. Under the above described conditions, a natural
oxide film of 5 and an N7a-Si film respectively having a
thickness of 5 to 30 nm are etched.

Then, as shown 1n FIG. 2F, a source electrode 6 and a
drain electrode 7 are patterned through photolithography.
Then, unnecessary n”-type amorphous silicon layers are
removed through etching by using the formed source and
drain electrodes as masks. In this case, the intrinsic
amorphous-silicon semiconductor layer 4 1s also locally
over-etched.

Next, to stabilize 1ts characteristics, heat treatment 1s
performed at a temperature between 200 and 280° C., in
nitrogen for a period between 0.5 and 2 hours. Thus, a thin
film transistor 1s completed.

As describe later, 1t 1s permitted to form a silicon nitride
f1lm on the substrate fabricated up to this state at a thickness
of 50 to 300 nm as a passivation film 8 through plasma CVD.
In this case, to mnput/output electrical signals to and from the
cgate electrode and the source and drain electrodes, a contact
hole 1s formed to open a part of the gate electrode and parts
of the source and drain electrodes.

As for this embodiment, as shown in FIG. 1A, 1t 1s better
that the gate electrode width 1s smaller than the 1sland width.
This 1s because it 1s preferable that a drain current 1s smaller
when a gate voltage 1s made minus as a transistor charac-
teristic. That 1s, as shown 1n FIG. 3, when a gate electrode
width 1s larger than an 1sland width, 1t 1s estimated that the
following phenomena occur.

The natural oxide film on the surface of the side wall of
the 1ntrinsic amorphous-silicon semiconductor layer 4 1s also
removed through radio-frequency sputter etching, Al
directly contacts with the intrinsic amorphous-silicon semi-
conductor layer 4, and Al diffuses in the intrinsic
amorphous-silicon semiconductor layer 4. A portion 1n
which Al diffuses serves as a P-type transistor. A hole current
flows through the P-type portion.

FIG. 4 shows gate voltage-drain current characteristics.
The following description 1s based on experimental facts of
the characteristics shown 1n FIG. 4. In these characteristics,
the transistor characteristic A shows a characteristic when a
cgate electrode width 1s smaller than an 1sland width.
Moreover, the transistor characteristic B shows a character-
istic when the gate electrode width 1s larger than the 1sland

width.
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In FIG. 4 showing the above described relation, a drain
current 1ncreases by making a gate voltage minus as shown
by the characteristic B. However, when the gate electrode
width of the characteristic A 1s smaller than the 1sland width,
the hole current does not flow because the gate voltage 1s not
applied up to the P-type portion and thereby, the drain
current does not increase even 1f making the gate voltage
minus. Therefore, in this embodiment, the gate electrode
width 1s made smaller than the 1sland width.

To confirm advantages of the above described
embodiment, FIG. 5 shows a transistor-characteristic com-
parative example when assuming a thin-film transistor fab-
ricated 1n accordance with the above described embodiment
except that radio-frequency sputter etching is not performed
as a comparative example 1. It 1s found that the on-current
of an embodiment 1 (A) is preferable because it is higher
than that of a comparative example 1 (B). In this case, the
on-current denotes a drain current when making a gate
voltage plus. This 1s because the contact resistance between
an N7-type amorphous-silicon layer and a Al-2 wt %. Si is
smaller than that of the comparative example 1.

FIG. 6 shows the comparison between contact resistances
of the embodiment 1 and comparative example 1. A cause of
the difference between the contact resistances 1s estimated as
shown below as described above. As for this embodiment,
the surface oxide of an ohmic contact layer 1s removed
through radio-frequency sputter etching. As a result of
comparing quantities of silicon oxide and aluminum oxide
present at the interface between an oxide ohmic contact
layer and source and drain electrodes made of a metal
mainly containing Al, it 1s found that the quantities 1n the
case of this embodiment are greatly smaller than those when
radio-frequency sputter etching i1s not performed
(comparative example 1).

Because silicon oxide and aluminum oxide are insulators,
a contact resistance mcreases in the case of the comparative
example 1. Also in the case of the present invention, it
cannot be said that no oxide 1s present. The time up to sputter
film formation 1s performed after radio-frequency sputter
ctching 1s performed requires at least approx. 30 seconds due
to carrying of the substrate. During the above described
period, the surface of the ohmic contact layer 5§ 1s slightly
oxidized again.

As described above, according to the present invention,
because a natural oxide film 1s removed from the surface of
an ohmic contact layer before forming an electrode mainly
containing Al, it 1s possible to obtain preferable transistor
characteristics. Moreover, because an electrode having a
small resistance can be formed, it 1s possible to easily apply
the present invention to a large liquid-crystal panel.

In the case of the above described embodiment, Al-2 wt
% S1 1s used as a metal for source and drain electrodes.
However, 1t 1s also permitted to use Al-1 wt % S1. To prevent
an eutectic reaction between Al and amorphous-silicon
semiconductor, silicon 1s added to Al. In this case, at least
0.5 wt % of S1 1s added in order to prevent a reaction
between amorphous silicon and Al. When a content of S11s
less than 0.5 wt %, 1t 1s confirmed through experiments that
amorphous silicon reacts with Al and thereby, a transistor
does not operate. Moreover, the upper limit of S1 quantity to
be added 1s 3 wt %. When a quantity of S1 to be added
exceeds 3 wt %, an electric resistance increases and there 1s
no advantage of using Al.

An art for adding S1 to Al 1s well known 1n a crystal-
silicon device LSI. As an example applied to an amorphous-
silicon TFT like the present invention, the official gazette of
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Japanese Patent Laid-Open No. He16-104437 published in
1994 discloses an example of using an Al gate electrode in
order to decrease the electric resistance of a gate-electrode
wiring and adding Si1 1n order to prevent a hillock from
occurring for Al alone. However, an example of applying
Si-added Al to source and drain electrodes on an a-Si-TFT
ohmic contact layer 1s not known.

Then, second embodiment of the present invention will be
described below by referring to FIG. 7 through FIG. 9. This
embodiment 1s an example suitable for a case in which a
pixel electrode 9 1s formed on a passivation film in order to
obtain an active matrix substrate of a liquid-crystal display.

Fabrication steps of this embodiment are basically the
same as those of the embodiment 1 except that a gate
clectrode and source and drain electrodes have a double-
layer structure. Therefore, detailed illustrations of the fab-
rication steps are omitted.

First, pure Al or a metal mainly containing Al 1s deposited
on the lower layer of a transparent insulating substrate 1
such as a glass substrate and a transition metal such as
titanium ('I1) or chromium is deposited on the upper layer of
the substrate 1 as gate electrodes respectively up to a film
thickness of 0.05 to 0.4 um through sputtering or the like. A
lower-layer gate electrode 21 and an upper-layer gate elec-
trode 22 are patterned through photolithography. T1 or the
like to be deposited on the upper layer of Al of the lower-
layer gate electrode 21 1s used to improve an electrical
contact with a transparent conductive metal-oxide film 10 at

a gate terminal portion and a source terminal portion shown
in FIG. 9 and FIG. 10.

Because the surface of the side wall of the lower-layer Al
1s oxidized though the Al side wall of the lower-layer gate
electrode 21 1s not covered with Ti or the like, a hillock
hardly occurs. The surface of the side wall of the lower-layer
Al has oxadized layer 211 because oxygen plasma ashing 1s
normally performed to improve the removability of resist
and prevent Al from corroding when dry etching 1s per-
formed. To wet-etch lower-layer Al, 1t 1s preferable to
perform oxygen plasma ashing in order to prevent a hillock.

Then, the following are continuously performed on the
entire surface of a substrate through plasma CVD so as to
cover the upper-layer gate electrode 21 and the lower-layer
cgate electrode 22: a silicon-nitride film serving as a gate-
insulating layer 3 1s formed at a thickness of 0.2 to 0.6 um,
an 1ntrinsic a-S1 film serving as an intrinsic amorphous
silicon semiconductor layer 4 1s formed at a thickness of
0.05 to 0.3 um, and an N7a-S1 film serving as an ohmic
contact layer 5 1s formed at a thickness of 5 to 10 nm.

Then, the N¥a-Si film and a-Si film are patterned like
islands only 1n a transistor region through photolithography
to form an 1sland-shaped ohmic contact layer § and intrinsic
amorphous-silicon semiconductor layer 4 (refer to FIG. 2C).

In this case, conditions for forming a silicon-nitride film
and conditions for forming an intrinsic a-S1 film and an
N*a-S1 film are the same as those described for the embodi-
ment 1.

According to this embodiment, before forming a film of
a metal mainly containing Al on the gate-insulating layer 3
and ohmic contact layer § through sputtering, radio-
frequency sputtering using a non-oxidizing gas such as
argon (Ar) or hydrogen (H,) is performed on a substrate
formed up to this state. Thereby, a natural oxide film 1s
removed from the surface of the ohmic contact layer 5.

Then, while keeping a vacuum state, a metal mainly.
containing Al such as Al-2 wt % S11s continuously deposited
on the gate-insulating layer 3 and ohmic contact layer § at
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a film thickness of 0.1 to 0.4 um through sputtering. Then,
while keeping the vacuum state, a transition metal such as
titanium (T1) or chromium is continuously deposited at a
film thickness of 0.05 to 0.4 um through sputtering.

A sputtering system used for the above described case 1s
the multichamber type 1n which a radio-frequency sputter
ctching chamber and a sputter film-forming chamber are
connected to each other 1n a vacuum state 1n the transfer
chamber.

A lower-layer source electrode 61, upper-layer source
electrode 62, lower-layer drain electrode 71, and upper-layer
drain electrode 72 are patterned through photolithography,
etching, oxygen plasma ashing (only for dry etching), and
resist removal. The surfaces of the side walls of lower-layers
61 and 71 has oxadized layers 611 and 711 similarly to the

case of a gate electrode.

Then, unnecessary N -type amorphous-silicon layers are
removed through etching by using the formed source and
drain electrodes as masks. The intrinsic amorphous-silicon
semiconductor layer 4 1s also locally over-etched. This
ctching 1s performed by standardly changing a gas contain-
ing fluorine or chlorine to plasma. In this case, the side wall
of lower-layer Al not covered with 11 may be etched.
However, because the side wall 1s actually oxidized as
described above, a film thickness to be etched 1s small.
Therefore, 1t 1s effective that the side wall of lower-layer Al
1s oxidized. To increase the thickness of an oxidized layer on
the side wall of lower-layer Al, 1t 1s permitted to perform the
oxygen plasma treatment again.

A silicon-nitride film 1s formed on the substrate fabricated
up to this state as a passivation film 8 at a thickness of 50 to
300 nm through plasma CVD. A contact hole 11 1s formed
on a drain electrode to be connected with a pixel electrode
9 as shown 1n FIG. 8 through photolithography. In the step
of forming the contact hole 11, a contact hole 12 1s formed
in a region where a gate terminal 91 1s formed and a contact
hole 13 1s formed 1n a region where a source terminal 92 to

be connected to a signal line 1s formed at the same time as
shown 1n FIG. 9 and FIG. 10.

Then, a transparent conductive metal oxide (e.g. indium
tin oxide: I'TO) film is formed on the substrate fabricated up
to this state through sputtering or the like. The pixel elec-
trode 9, gate terminal 91, and source terminal 92 are
patterned through photolithography. The pixel electrode 9,
cgate terminal 91, and source terminal 92 configured by the
same I'TO contact with the upper-layer drain electrode 72,
upper-layer gate electrode 22, and upper-layer source elec-
trode 1n a one-to-one correspondence. Because contact resis-
tance between I'TO and Ti 1s low, 1t 1s possible to provide a
preferable active matrix substrate for a display.

In the case of this embodiment, T1 1s provided between Al
and I'TO to improve the contact characteristic and electrical
contact characteristic. In this connection, when making Al
directly contact with I'TO, the contact resistance 1s high or
becomes higher as time passes. Therefore, the active-matrix
substrate for a display has not been used so far as a
liquid-crystal active-matrix substrate for a liquid-crystal
display.

Then, to stabilize transistor characteristics or improve the
in-plane uniformity of transistor characteristics, heat treat-
ment 1s performed for 0.5 to 2 hours 1n nitrogen at 200 to
280° C. Thus, an active-matrix substrate for a liquid-crystal
display 1s completed.

Then, third embodiment of the present invention will be
described below by referring to FIG. 8 to FIG. 10 again. In
the case of this embodiment, the steps of depositing a metal
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mainly containing Al on a lower layer and a transition metal
such as titanium (Ti) or chromium on an upper layer as gate
clectrodes through sputtering and patterning them are the
same as those of the embodiment 2. Thereafter, a gate-
insulating film 3, intrinsic amorphous-silicon semiconductor

layer 4, and ohmic contact layer 5 are continuously formed
in the same manner as the case of the embodiment 2 to

pattern an N7a-Si film and a-Si film like islands through
photolithography. Conditions for forming each film are the
same as the case of the embodiment 2.

Moreover, similarly to the case of the embodiment 2, a
natural oxide film 1s removed from the surface of the ohmic
contact layer 5 through radio-frequency sputter etching
using a non-oxidizing gas to deposit a metal mainly con-
taining Al (e.g. Al-2 wt % Si) on the gate-insulating layer 3
and ohmic contact layer 5 at a film thickness of 0.1 to 0.4 um
through sputtering. While keeping a vacuum state, a transi-
tion metal such as titantum ('I1) or chromium is continuously
deposited at a film thickness of 0.05 to 0.4 um through
sputtering.

Though the above described steps are the same as those of
the embodiment 2, the following steps are different from
those of the embodiment 2. A source electrode 6 and a drain
clectrode 7 are patterned 1n the etching step through photo-
lithography. In this embodiment 3, unlike 1n the embodiment
2, the resist used for patterning 1s not removed but 1t 1s used
in the additional etching step again. That 1s, to respectively
form sectional forms of source and drain electrodes 1nto a
semi-taper, cathode-coupling-type (RIE mode) dry etching
1s applied. It 1s preferable to use this type of etching because
the next step can be continuously executed i1n the same
system. By continuously executing the next step in the same
system, fabrication time can be shortened and corrosion of
Al can be prevented.

Continuously, unnecessary N™-type amorphous-silicon
layers are removed through etching by using resist-provided
source and drain electrodes as masks to form a channel. The
intrinsic amorphous-silicon semiconductor layer 4 1s also
locally over-etched (channel dry etching step). Then, the
substrate 1s exposed to oxygen plasma in the same chamber
or carried to another chamber while keeping a vacuum state
and exposed to oxygen plasma in the chamber. Because
resist 1s oxygen-ashed, the removability of the resist is
improved. Because the side wall of lower-layer Al 1s oxi-
dized at the same time, the corrosion resistance of the side
wall 1s. improved. The etching surface (generally referred to
as back-channel) of the intrinsic amorphous-silicon semi-
conductor layer 1s also oxidized.

Accordingly, the insulation characteristic of the back-
channel 1s improved and the back-channel becomes 1nactive.
That 1s, a leak current does not easily flow when making a
cgate voltage minus. Thus, a preferable active-matrix sub-
strate for a display 1s obtained. Oxidizing the substrate by
oxygen plasma in the reactive ion etching (RIE) mode is
effective compared to the case of the plasma etching (PE)
mode because the thickness of an oxide film increases.
Moreover, the oxidation 1s very efficient because operations
from the source and drain forming step up to this step can be
continuously performed.

Then, resist 1s removed from the substrate. Thereafter, 1t

1s permitted to wash the substrate with ordinary-temperature
demineralized water or hot water. This 1s effective 1n remov-

ing dust and residual etching-gas component.

Because 1t 1s hereafter the same as the case of the
embodiment 2 to complete an active-matrix substrate for a
liquid-crystal display by forming a passivation film 8 and a
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contact hole and forming and heat-treating an I'TO film, the
description 1s omitted.

The surface of the side wall of lower layer Al of the gate
clectrode 1s oxidized i1n the case of the embodiment 3
because oxygen plasma ashing 1s normally performed to
improve the removability of resist and prevent Al from
corroding when dry etching 1s performed. When wet-etching
lower-layer Al, 1t 1s particularly preferable to perform oxy-
gen plasma treatment.

As described above, a thin-film transistor and its fabrica-
tion method of the present mnvention are characterized by
depositing a metal on a transparent insulating substrate as a
cgate-clectrode metal to form a gate electrode, continuously
forming a gate-insulating layer, intrinsic amorphous-silicon
semiconductor layer, and ohmic contact layer on the entire
surface of the substrate so as to cover the gate electrode,
applying radio-frequency sputter etching to the surface of
the covered substrate and thereby removing a natural oxide
film from the surface of the ohmic contact layer, and
thereafter forming a metallic layer mainly containing Al on
a gate-insulating layer and the ohmic contact layer through
sputtering.

According to the above described configuration, because
oxide 1s removed from the surface of the ohmic contact layer
through radio-frequency sputter etching, it 1s possible to
decrease a contact resistance.

Because the above described embodiment 1s one of pre-
ferred embodiments of the present invention, specific
numerical values and materials of the embodiment are not
restricted. It 1s needless to say that various modifications are
allowed as long as the modifications are not deviated from
the gist of the present invention.

What 1s claimed 1is:

1. A thin-film transistor fabrication method, comprising
steps of:

forming a gate electrode on a substrate;

continuously forming a gate-insulating layer, a semicon-
ductor layer, and an ohmic contact layer on said sub-
strate so as to cover said gate electrode;

pattering said semiconductor layer and said ohmic contact
layer to form an 1sland;

removing a natural oxide film from a surface of said
ohmic contact layer by using a radio-frequency sputter
ctching;

forming a metallic layer mainly containing Al on said
ohmic contact layer, an exposed end face of said
semiconductor layer, and a gate-insulating layer; and

patterning said metallic layer to form a source electrode

and a drain electrode.

2. The thin-film transistor fabrication method according to
claim 1, wherein said semiconductor layer 1s made of
intrinsic amorphous silicon and said ohmic contact layer 1s
made of amorphous silicon doped with an n-type impurity.

3. The thin-film transistor fabrication method according to
claim 2, wheremn said metallic layer 1s made of a material
which contains 0.5 to 3 wt % of silicon and whose remainder
1s aluminum.

4. The thin-film transistor fabrication method according to
claim 2, wherein said radio-frequency sputter etching is
performed by using a non-oxidizing gas.

5. The thin-film transistor fabrication method according to
claim 2, wheremn time from said step of removing said
natural oxide film before start of said step of forming said
metallic layer through sputtering is equal to 1 minute or less.

6. The thin-film transistor fabrication method according to
claim 2, wherein a width of said gate electrode 1s smaller
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than a width of each of said semiconductor layer and ohmic
contact layer of said 1sland.

7. The thin-film transistor fabrication method according to
claim 1, wherein said gate electrode has a double-layer
structure configured by a lower-layer metal which 1s a metal
mainly containing at least Al or pure aluminum and an
upper-layer metal which 1s a transition metal.

8. The thin-film transistor fabrication method according to
claim 1, wherein said metallic layer has a double-layer
structure configured by a lower-layer metal which 1s a metal
mainly containing aluminum and an upper-layer metal
which 1s a ftransition metal and said source and drain
clectrodes are patterned so as to have a double-layer struc-
ture.

9. The thin-film transistor fabrication method according to
claim 8, wherein an oxide layer 1s formed on a side wall of
a lower-layer metal configuring said source and drain elec-
trodes.

10. The thin-film transistor fabrication method according
to claim 9, wherein said oxide layer 1s formed by using an
oxygen-plasma ashing step.

11. The thin-film transistor fabrication method according
to claim 1, wherein said gate electrode 1s configured by a
metal selected from one of Al, Mo and Cr, said semicon-
ductor layer comprises an intrinsic amorphous-silicon semi-
conductor layer, said ohmic contact layer comprises amor-
phous silicon doped with an n-type impurity, and said source
and drain electrodes are configured by aluminum containing,
0.5 to 3 wt % of silicon.

12. The thin-film transistor fabrication method according
to claim 1, wherein following steps are included: a step of
forming a passivation film so as to cover a thin-film tran-
sistor region and terminal region 1n which said gate elec-
trode has a double-layer structure configured by a lower-
layer metal which 1s either of a metal mainly containing Al
and pure aluminum and an upper-layer metal which 1s a
transition metal and said source and drain electrodes have a
double-layer structure configured by a lower-layer electrode
mainly containing aluminum and an upper-layer electrode
made of a transition metal, a step of forming a contact hole
for exposing an upper-layer metal on said passivation film
on terminal portions of said gate and source electrodes and
said passivation f1lm on a region to be connected with a pixel
clectrode of said drain electrode, and a step of forming a
transparent electrode on and around said contact hole and
forming a gate terminal, a source terminal, and a pixel
electrode.

13. The thin-film transistor fabrication method according
to claim 1, wherein said gate electrode has a double-layer
structure configured by a lower-layer metal mainly contain-
ing at least Al and an upper-layer metal which 1s a transition
metal, said source and drain electrodes have a double-layer
structure configured by a lower-layer electrode mainly con-
taining aluminum and an upper-layer electrode made of a
transition metal, and a resist used for patterning said source
and drain electrodes 1s not removed but 1t 1s continuously
used as etching resist for respectively forming sectional
forms of said source and drain electrodes 1nto a semi-taper.

14. A thin-film transistor obtained from a fabrication
method of claim 1, wherein said gate electrode, said source
clectrode, and said drain electrode respectively have a
double-layer structure configured by a lower-layer electrode
mainly containing aluminum and an upper-layer electrode
made of a transition metal and an aluminum oxide film 1is
formed on an end face of said lower-layer electrode.

15. The thin-film transistor according to claim 14,
wherein said lower-layer electrode 1s made of aluminum




US 6,514,804 B1
11 12

containing 0.5 to 3 wt % of aluminum and said upper-layer 17. The thin-film transistor according to claim 14,
clectrode 1s made of either of metals 11 and Cr. wherein a width of said gate electrode 1s smaller than a width

16. The thin-film transistor according to claim 135, of each of said semiconductor layer and ohmic contact layer
wherein said semiconductor layer 1s an 1ntrinsic amorphous- of said 1sland.

silicon semiconductor layer and said ohmic contact layer 1s 5
an amorphous silicon layer doped with an n-type impurity. % %k ok k
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